Objective: The aim of this study was to investigate the impact of perioperative administration of N-acetylcysteine, selenium and vitamin C on the incidence and outcomes of acute kidney injury after off-pump coronary bypass graft surgery.
to maintain adequate mean arterial pressure and perfusion, i.e. epinephrine or norepinephrine above 0.5 µg/kg/min, dobutamine or dopamine more than 20 µg/kg/min), and any intraoperative life-threatening events such as fatal arrhythmias, excessive bleeding, or desaturation.
Using a computer-based randomization method, patients received either selenium (n=72), vitamin C (n=73), NAC (n=73), or nothing (n=73). Patients in the selenium, vitamin C, and NAC groups received 0.5 mg, 1500 mg, and 600 mg tablets, respectively, twice a day, from 24 hours before the operation until two postoperative days.
Patients underwent standard intravenous anesthesia and were transferred to ICU for post-cardiac surgery for further monitoring and recovery, where they were under a standard monitoring and meticulous observation of a single intensive and critical care residents and fellows per shift to maintain adequate cerebral, cardiovascular, pulmonary, and renal function. A protocolized goal-directed fluid therapy with normal saline solution was conducted to achieve a mean arterial pressure (MAP) greater than 70 mmHg, lactate less than 2 mmol/L, central venous oxygen saturation (ScVO2) greater than 70%, and urine output greater than 1 mL/kg/hour. RBCs were transfused if hemoglobin level (Hb) was less than 8 g/dL, or Hb less than 10 mmHg in case of lactate > 4 mmol/L, ScVO2 < 70%, or requiring vasopressors or inotropes to keep MAP > 70 mmHg.
A protocolized intravenous paracetamol and fentanyl were used to control postoperative pain. Patients were under mechanical ventilation after entering ICU with synchronized intermittent mandatory ventilation (SIMV) and pressure support (PS) mode and weaned and extubated according to a standard weaning protocol.
Complete blood count (CBC), blood sugar (BS), sodium (Na), potassium (K), magnesium (Mg), urea, creatinine (Cr), albumin, calcium (Ca) and phosphorus were measured preoperatively. Arterial blood gases, BS, Na, K, Ca, lactate, ScVO2, and CBC were measured postoperatively in the first 24 hours as needed. BS, urea, Cr, Na, K and CBC were measured daily after the operation. Urine output was measured per hour during ICU stay.
AKI was diagnosed and scored based on Acute Kidney Injury Network (AKIN), defined as a serum Cr increase of 0.3 mg/dL or ≥ 1.5 times baseline within 48 hours (Table 1) (www.akinet.org).
The estimated glomerular filtration rate (eGFR) was calculated with the Cockroft-Gault equation assuming kidney function in steady-state [22] . Duration (recovery) of AKI was defined as return of creatinine or glomerular filtration rate to baseline. Patients
INTRODUCTION
Acute kidney injury (AKI) is frequently seen after cardiac surgery with dramatically increased mortality and morbidity. Cardiac surgery is the second most common cause of AKI in intensive care units (ICU) [1] . The incidence has been reported 0.3% to 29.7%, depending on the definition and the population under study [2, 3] , with 1.2-3% requiring renal replacement therapy (RRT) that further increases mortality [4] [5] [6] .
A number of measures have been proposed to prevent the development of AKI, including maintenance of intravascular volume and adequate perfusion, and avoidance of nephrotoxic drugs [7] .
Several drugs, including calcium channel blockers [8] [9] [10] , and statins [11, 12] have been used to prevent AKI after cardiac surgery, but with controversial results.
Prevention of oxidative stress by antioxidants can help prevent kidney damage [13] . The beneficial role of antioxidants in prevention of AKI in different scenarios has been demonstrated in animal models [14] [15] [16] [17] and human models [18] . However, its effectiveness in preventing AKI following cardiac surgery has not been established [19] [20] [21] .
The purpose of this clinical trial was to investigate the role of N-acetylcysteine (NAC), vitamin C, and selenium in prevention of AKI following off-pump coronary artery bypass graft surgery (CABG). The primary outcome was to explore the incidence of AKI. Secondary outcomes included comparing AKI severity, time of occurrence and duration of AKI, need for RRT, duration of mechanical ventilation, ICU and hospital length of stay (LOS), and related in-hospital mortality among the four groups.
METHODS
After obtaining approval from the university's Committee of Ethics and written informed consent, 291 adult patients with New York Heart Association (NYHA) class of I-III undergoing elective off-pump CABG at a teaching hospital were recruited for this clinical trial. Exclusion criteria were change from off-pump to on-pump surgery, known drug allergy, history of chronic obstructive pulmonary disease (COPD), anemia, congestive heart failure (CHF), active sepsis, preoperative ejection fraction lower than 40%, preoperative creatinine above 1.3 mg/dL, use of any nephrotoxic drugs within the last week, coronary angiography within the last 2 days, intraoperative transfusion of more than 2 units of red blood cells (RBC), perioperative use of intra-aortic balloon counterpulsation (IABP), perioperative requirement for high-dose vasopressors (defined as the use of two or more drugs Based on AKIN criteria, AKI was seen in 60 (22.1%) patients with no significant difference in incidence, severity, duration, and day of occurrence of AKI among the four groups ( Table 3) .
The mean overall duration of mechanical ventilation was 12.53±81.62 hours, with median of 5 hours. Ventilation times were 7.33±6.02, 10.68±27.15, 5.90±3.13, and 25.36±157.5 hours in the vitamin C, NAC, selenium and control groups, respectively (P=0.429). The mean overall ICU LOS was 2.66±3.87 days with a median of 2 days. The ICU LOS in the vitamin C, NAC, selenium and control groups was 2.36±0.86, 2.57±1.50, 2.30±0.78, and 3.20±7.36 days, respectively (P=0.207).
The overall mean hospital LOS was 6.45±4.17 days with a median of 6 days. Mean hospital LOS were 6.06±1.32, 6.57±2.70, 6.11±1.43, and 7.01±7.50 days in the vitamin C, NAC, selenium and control groups, respectively (P=0.970).
In-hospital mortality occurred in 4 (1.47%) patients, including 2 (3%), 1 (1.5%), 1 (1.5%), and zero cases in the vitamin C, NAC, selenium and control groups, respectively (P=0.548).
underwent RRT in case of refractory acid-base and electrolyte disorders, signs of hypervolemia or loss of consciousness attributable to hyperuremia.
Patients were discharged from ICU if they were conscious, hemodynamically stable with acceptable oxygenation and ventilation (PaO 2/FiO2 > 200, PaCO2=35-50 mmHg), no lifethreatening arrhythmias, no active bleeding, electrolyte disorders, delirium, severe anemia (Hb < 8 g/dL), and after removal of the pericardial drain.
The study was registered at Iran Registry of Clinical Trials under number IRCT2015021621098N1.
Statistical Analysis
The sample size was calculated based on the study of Adabag et al. [23] as 64 cases in each group. The sample size was increased to 292 to compensate a missing of 10%-15%.
Statistical analysis was performed using SPSS ® version 16 (IBM SPSS, Chicago, IL, USA). Means and standard deviation were used for normal distribution variables and median and interquartile range for otherwise. Frequencies and percentages were used for categorical variables. The ANOVA test was used to compare variables among groups. Chi-square test or Fisher's exact test was used for categorical variables. Statistical significance was considered as P<0.05.
RESULTS
Two hundred and seventy-two patients completed the study with a mean age of 59.35±9.88 (ranging from 29 to 83) years. Of these, there were 180 males and 92 females. Two patients in the vitamin C and NAC groups were excluded for excessive bleeding and receiving more than 2 units of RBCs. One patient in the selenium group received NAC for respiratory problems. Five patients were excluded due to changing off-pump to on-
Fig. 1 -Patients' randomization, initial and final participants.
the animal model. However, their findings were inconclusive. We did not find any protective effects in our study. As far as we know, there is no studies exploring the efficacy of selenium in prevention of AKI following cardiac surgery in humans.
Although we used NAC in off-pump low-risk patients, our results are consistent with other reports that suggested NAC was not effective in reducing AKI in high-risk patients undergoing onpump [23] [24] [25] and off-pump CABG [26] . In contrast, a meta-analysis
DISCUSSION
Our study revealed that perioperative use of vitamin C, NAC, or selenium did not affect the occurrence of AKI and associated mortality and morbidity after off-pump CABG.
The protective effect of selenium for AKI has been proposed for its antioxidant effects [19] . Shanu et al. [20] proposed that selenium could have therapeutic effects in AKI after rhabdomyolysis in Data are presented as mean ± standard deviation or numbers (percentage). Cr=creatinine; GFR=glomerular filtration rate; NAC=N-acetylcysteine; NYHA=New York Heart Association investigating the impact of NAC, vitamin C and polyunsaturated fatty acids (PUFA) on prevention of AKI after cardiac surgery revealed that only NAC was effective [27] . Furthermore, in a recent study, Savluk et al. [28] reported that the prophylactic use of intravenous NAC had a protective effect on renal function in patients undergoing CABG using cardiopulmonary bypass (CPB) with pre-existing moderate renal failure. Use of CPB and pre-existing renal insufficiency might explain this difference and NAC may be effective in especial group of patients undergoing cardiac surgery. The administration of vitamin C in the prevention of contrast-induced nephropathy (CIN) after coronary angiography has been associated with different results [29, 30] . We could not show any benefit of vitamin C in reducing the incidence of AKI. Nephrotoxicity in CIN versus hypoperfusion in CABG as proposed mechanisms for the development of AKI can explain the difference.
None of our patients required RRT during hospitalization. This can be attributed to the inclusion of low-risk patients, lowrisk surgery, and low severity of AKI in our patients.
Our study had a few limitations as well. First, we used oral forms of the drugs with different bioavailability from parenteral forms because of high cost and resource limitations in our institution. Second, our patients were at low risk for AKI and underwent CABG without CPB. Therefore, our results cannot be extrapolated to high-risk patients or those undergoing on-pump CABG. Third, we did not use urine output for diagnosis of AKI that might lose some cases according to the existing definitions. Forth, we did not measure hemoglobin A1C to differentiate poor from wellcontrolled diabetes in both diabetics and non-diabetics that can affect the development of AKI as reported by Kocogulları et al. [31] , suggesting an association between preoperative level of Hb A1C and development of AKI in non-diabetics.
In conclusion, we found that perioperative administration of NAC, vitamin C or selenium could not reduce the incidence of AKI and its associated mortality and morbidity in patients undergoing off-pump CABG.
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